Background: Surgical treatment of lumbar spinal stenosis by posterior spinal decompression may be indicated if non-surgical management for the symptoms of low back and lower limbs radicular pains is unsuccessful and/or in patients with persisting or worsening neurological deficits. It has been reported to be an effective treatment modality in well selected patients. This procedure is however not without possible complications which can adversely affect the outcome of treatment in the affected patients. This prospective study was therefore undertaken to evaluate the early functional outcome of posterior spinal decompression for lumbar spinal stenosis at our health institution. Method: All patients with symptomatic lumbar spinal stenosis admitted for posterior spinal decompression and who met the inclusion criteria were recruited with their written informed consent. The patients' pain severity and functional disability were assessed preoperatively with visual analogue scale (VAS) and Oswestry Disability Index (ODI). The VAS and ODI were also used to reassess the patients postoperatively, at 2 weeks, 6 weeks and 12 weeks respectively. All intraoperative and/or postoperative complications were documented and the results were analyzed. Results: The patients' mean preoperative lower back pain and leg pain VAS score was 8.26 ± 1.46 while the mean preoperative ODI was 62.4% ±13.56. The commonest combination of spinal decompressive procedure done in the patients was laminectomy + foraminotomy in 10 (25% patients). The most common decompressed spinal level was L4/L5 (89.7%); while almost equal number of patients had either one spinal level or two-spinal level decompression (43.6% and 46.1% respectively). Postoperative pain assessment showed a mean VAS of 3.79 ± 1.15, 2.55 ± 1.27 and 2.00 ± 1.41 at 2 weeks, 6 weeks and 12 weeks respectively (p = 0.000).
Introduction
Lumbar spinal stenosis is recognized as a frequent cause of low back and lower extremities pain; it has also been recognized as a common cause of disability in adults requiring surgery for its treatment [1] [2] [3] [4] .
Lumbar spinal stenosis as defined by Verbiest is the narrowing of the central spinal canal, lateral recess or the neural foramen [5] . These stenotic changes usually cause neural compression that presents clinically as leg and low back pain, gait abnormalities as well as other neurological deficits which could cause severe functional limitation in the affected patients [5] [6] .
The goal of surgical treatment in these patients is to alleviate the pain, halt and hopefully reverse neurological deterioration, maintain the stability of the spine and ultimately improve the patients' general function which is usually affected by this pathology [1] [2] [3] [4] [6] .
Posterior spinal decompression (PSD) has been reported as an effective procedure and associated with improvement of spinal claudication symptoms, low back and radicular pains in the patients with spinal stenosis [4] [7] . Prospective randomized trials, particularly the Spine Patient Outcome Research Trial (SPORT) study, did provide compelling evidence that decompression surgery is an effective treatment that provides pain relief and functional improvements in patients with lumbar spinal stenosis [3] .
The "success" rate of decompression surgery in many parts of the world varies considerably, with functional improvement ranging between 58% and 69%, participant satisfaction ranging from 15% to 81% and degree of pain relief varying between studies [8] .
This study therefore, is to evaluate the early outcome in patients with lumbar spinal stenosis that had posterior spinal decompression in our hospital with respect to function and pain relief using the Oswestry Disability Index (ODI) and the Visual Analogue Scale (VAS), identify the nature and incidence of complications associated with the surgical procedure and recommend measures to im-
Methodology
This was a prospective study conducted in the spine unit of the National Orthopaedic Hospital Enugu, South East Nigeria. Ethical approval was granted by the institution's medical research ethics committee and a written informed consent received from all the participants in the study.
All consecutive symptomatic patients with lumbar spinal stenosis confirmed by MRI and admitted for posterior lumbar spinal decompression from October 2015 to November 2016 unless excluded were recruited for the study.
The exclusion criteria were: Patients with greater than Meyerding grade 1 spondylolisthesis, associated degenerative scoliosis of more than 30˚, patients with tandem stenosis, patients with previous back surgery and patients who had concomitant instrumented spinal fusion.
A detailed evaluation of patients' symptoms and physical examination findings were done and documented. The severity of the patients' low back and leg pain was assessed and graded with the visual analogue scale (VAS), while the preoperative functional status was evaluated with the Oswestry Disability Index (ODI).
All the patients had posterior spinal decompression under general anaesthesia with or without non instrumented spinal fusion. The exact nature and extent of the surgery in each patient were dependent on the intraoperative findings and ranged from simple laminectomy to additional discectomy and/ or foraminotomy then to intertransverse fusion with autogenous bone grafts in some of the patients. The exact level(s) decompressed and any intraoperative complication(s) were documented. The Patients were monitored for post-operative complications and were discharged to the outpatient clinic after two weeks. The VAS and ODI were used to reevaluate the patients at two weeks, six weeks and 3months postoperative intervals.
The data was analyzed with SPSS 20, paired sample T test was used to analyze the significance of the difference in the mean of continuous dependent variables as seen at the different intervals. Results were presented in texts, table, figures and graphs. Test for significance was set at p < 0.05.
Results

Patients' Demographics
A total of thirty-nine patients who had posterior spinal decompression for lumbar spinal stenosis were enrolled for the study. There were twenty males (51.3%) and nineteen females (48.7%) and the mean age was 53 ± 9.92 years ( Figure 1 ). The mean duration of the patients' symptoms was 3.71 ± 3.47 years (Table 1) .
Thirty-eight patients were seen at 6 weeks and thirty-seven at 12 weeks follow up assessment with two of the patients lost to follow up. Figure 1 . Age distribution.
All the patients have tried one form or a combination of non-surgical treatment including un-orthodox therapy before spinal decompression. The commonest type of previous treatment received was use of oral and parenteral analgesics which were mostly non-steroidal anti-inflammatory drugs (NSAIDS) and opioids (Tramadol) ( Table 2 ).
Preoperative VAS and ODI
The mean preoperative VAS score was 8.26 ± 1.46 ( Table 3 ). The least score was 5 and was seen in only two patients (5.1%) The remaining patients had a score of 6 or above before spinal decompression.
The mean pre-operative ODI was 62.35% ± 13.55% (Table 4 ). Only two patients (5.1%), had pre-operative ODI of "moderate disability", the rest had ODI of "severe disability" or worse.
Surgical Procedures
Decompressive laminectomy was done in all the patients, while additional procedures were done in majority of them depending on the intraoperative findings.
Twelve patients (30.8%), in addition to the different decompressive procedures done, had concomitant inter-transverse fusion with autogenous bone graft ( Table 3 . Patients' VAS scores preoperatively and at follow-up visits. The most common decompressed spinal level in the patient was L4/L5 (89.7%). None of the patients had L1/L2 decompression ( Figure 2 ).
Most of the patients had either a 1-level or 2-level decompression. There were however four cases of 3-level spinal decompression in four patients (10.3%) ( Figure 3 ).
Postoperative VAS and ODI
Pain assessment was done at discharge, 6 weeks and 12 weeks post-operative visits. The mean score was 3.79 ± 1.15, 2.55 ± 1.27 and 2.00 ± 1.41 respectively. The p value for the statistical test for the difference in mean at each interval was 0.000, which was statistically significant. Maximum VAS at 12 weeks was 5 and was noted only in four patients (10.8%).
Serial evaluation of the patients following surgery with ODI at discharge, 6 weeks and 12 weeks showed a mean ODI of 34% ± 11.79%, 24% ± 10.75% and 18.12% ± 10.61% respectively. Statistical test of the ODI mean score difference at the different follow up intervals was statistically significant (p = 0.000) At 12 weeks, post-operative visit evaluation only two patients (5.4%) still had severe disability, none of the patients were "crippled or bed bound".
Complications
The commonest complication seen was dura tear in nine patients (23.1%). The tears were all repaired intraoperatively and no case of postoperative cerebrospinal fluid leakage was recorded (Figure 4 ).
Discussion
The mean VAS score in the patients was 8.26 ± 1.46. This shows that the pain was quite severe. This figure is slightly higher than that from the studies by Yukawa et al. [9] and Gelalis et al. [10] which was 7.1 and 7.5 respectively. Sanderson et al. [11] reported a pre-operative pain score of 6. The higher mean pain score in this study could be due to the advanced nature of the pathology in the population due to late presentation, and/or late acceptance of surgical treatment; as many of the patients refused spinal decompression until their pain became unbearable to them.
The mean pre-operative Oswestry disability index score of the patients was 62.5% which is interpreted as "crippled". This further underscores the severity of the pain and disability occasioned by this pathology in our patients prior to surgical intervention as many of them could no longer effectively carry out their activities of daily living necessitating their presentation for surgery. Gelalis et al. [10] , had a slightly lower ODI of 60.5% in the patients they admitted for decom- The study showed that only seven patients (17.9%) had laminectomy procedure only, during the course of the decompressive surgery, the rest of the patients had other procedures in addition to laminectomy. The patients who had only laminectomy; were those whose clinical presentation, radiological and intraoperative findings were suggestive of a central canal stenosis from severely thickened ligamentum flavum with less significant lateral recess and/or foraminal stenosis. Twenty-five patients (64.1%) in addition to other procedures had foraminotomy, this is more than the figure of eleven (27.5%) reported by Postacchini et al. [14] . Twelve patients (30.8%) in this study had discectomy in addition to other procedures while in another study by Postacchini et al. [15] , discectomy was performed in 20% of the patients. Sanderson et al. [11] , however, reported that none of the 31 patients in their study with degenerative spinal stenosis had discectomy. Concomitant inter-transverse process fusion with autogenous bone graft was done in 30.8% of the patients, the figure is similar to 30% noted in the study by Postacchini et al. [15] , in contrast however, Sanderson et al. [11] , submitted that none of the patients who had decompression for degenerative lumbar spinal stenosis had fusion. The inter-transverse fusion with autogenous bone graft was done in all the patients with associated spondylolisthesis and in some of the patients who had more extensive decompression in order to prevent possible postoperative instability. Harkowitz et al. had demonstrated that inter-transverse fusion is associated with significant reduction in postoperative progression of listhesis and instability with consequent improvement in clinical outcome in patients who had concomitant spondylolisthesis and/or when the decompressive procedures may have compromised the spine stability [16] .
There were slightly more 2-level than single level spinal decompression in our In contrast to this study, a few other studies have reported more single level than two or multilevel decompression [12] [17] [18] .
L4/L5 was the most commonly decompressed level in the patients (89.7%).
This agrees with the pattern observed by Leonardi et al. [19] , which had L4/L5 as the most frequent decompressed level (66.7%). In the same vein, Kwon et al.
noted similar pattern with frequency of 79% and 39% for L4/L5 and L3/L4 respectively [12] .
Pain assessment done at discharge, 6 weeks and 12 weeks post-operative intervals; had a mean VAS score of 3.79, 2.55 and 2.00 respectively. Paired sample t-test was used to test the difference between the pre-operative mean VAS and the post-operative mean VAS at the different follow -up intervals. This was found to be statistically significant (p = 0.000). However the study noted that though there was statistically significant reduction of pain in all the patients, four patients (10.8%) still had what they considered worrisome pain at 12 weeks with VAS of 5, though they acknowledged a reduction in their pain severity.
Similarly, the mean post-operative ODI, at discharge, 6 weeks and 12 weeks post-operative intervals was found to be 34%, 24% and 18.12 % respectively. In the same vein, statistical analysis of the difference in the mean from the pre-operative to post-operative ODI values was equally significant at each interval (p = 0.000). It is worthy to note that though majority of the patients (73%) had only "minimal disability" (ODI = 0% -20%) at 12 weeks follow -up, two patients (5.4%) still had "severe disability" (ODI = 41% -60%). A graphical plot of the of the patients' mean VAS and ODI scores at the different intervals, showed that the greatest improvement was recorded during the first post-operative assessment at 2 weeks as evidenced by the steepness of the graph (Figure 5 , Figure  6 ); while subsequent assessments at 6 weeks and 12 weeks though showed significant progressive improvement, were not as marked as the improvement seen at the more immediate postoperative period.
This outcome is comparable to some previous studies on posterior spinal decompression for lumbar spinal stenosis. Postachinni et al. [15] , in their study reported that 81% of the patients had excellent outcome after spinal decompression for lumbar spinal stenosis while Sanderson et al. [11] , noted that 64.5% of patients in their series had no significant pain after surgery. A study in Tema, Ghana by Andrews et al. also reported a significant difference in the preoperative and post-operative pain scores after decompression [20] . The patients in the study by Kwon et al. [12] , had a mean postoperative VAS and ODI of 1.3 and 19.0%, while Yukawa et al. [9] observed a mean of 2.3% and 21.1%;
this is quite similar to the VAS and ODI scores of 2.0% and 18.1% respectively, [11] reported poor results in six patients who despite weeks after decompression, still had a mean VAS of 7.1; the outcome they attributed to long duration of their symptomsprior to treatment as the mean duration of symptoms in the 6 patients was 10.4 years. In contrast however, the four patients in our study with bothersome symptoms at 12 weeks had a mean duration of symptoms of 2.3 years.
Some surgical complications were noted in this study. Dura tear was the commonest (23.1%) and usually occurred when the ligamentum flavum was being teased off the dura tissue especially in patients with avidly adherent thickened ligamentum flavum. The lack of finer range of surgical instruments might have also contributed to the increased incidence of dura tears in the patients.
The tears were all repaired immediately with non-absorbable suture (prolene 4/0). None of the patients with dura tear had persisting CSF drainage post operatively. This finding is similar to the report by Kwon et al. [12] , who in their series had dura tear as the commonest complication though at 10.5%, it was less was observed in a diabetic and renal failure patient [21] .
One patient (2.6%) had right foot drop after decompression probably due to L4 root injury. The patient was managed with ankle foot orthosis (AFO) and physiotherapy postoperatively. Though there has been some improvement, the patient still has residual ankle weakness at 3 months postoperative review. Postachinni et al. [15] also reported nerve injury complicating posterior spinal decompression. They noted postoperative L5 neural deficit in two patients and L4 injury in one patient. Okuda et al. [21] however had a higher figure with a 6% incidence of neurological injury; though some of their patients had pedicle screw instrumentation for spinal fusion which may have increased the complication rate. Sanderson et al. on the contrary did not record any case of postoperative neurological deficit in their series [11] .
Only one patient (2.6%) had postoperative urinary retention after removal of catheter on the first postoperative day. The patient was subsequently re-catheterized Journal of Biosciences and Medicines and weaned off urethral catheter 2 days later. Duncan et al. [24] had reported the incidence of urinary retention after spinal decompression to be 8% while Boulis et al. [25] reported an incidence as much as 38% in a large series. Boulis had suggested old age as one of the risk factors for urinary retention after decompression, this may have contributed as the only patient with urinary retention in this study was elderly.
Transient urinary and feacal incontinence were seen in two patients each (5.1%). Duncan et al. [24] had noted a lower incidence of 2.8% in their patients.
This complication may have been caused by compressive haematoma and/or undue traction during surgery on the lower lumbosacral nerve roots as had been suggested by other authors [24] .
Two patients (5.1%) developed gluteal grade 2 pressure sores postoperatively while on admission. Coincidentally the affected patients had difficulties mobilizing early out of bed; as the patients had the challenge of obesity and significant post -operative pain respectively, these may have facilitated the pressure ulcer development in the patients. The ulcers however healed with serial wound dressing.
Conclusion
In conclusion, there was significant reduction in low back and radicular pains with consequent functional improvement in majority of our patients who had posterior spinal decompression for lumbar spinal stenosis. Dura tear was noted as the commonest complication of this procedure.
